Background/Aims: We identified reports in the literature regarding the diagnostic accuracy of hepatic vein arrival time (HVAT) measured by contrast-enhanced ultrasonography (CEUS) to assess hepatic fibrosis in cirrhosis. Methods: The Ovid MEDLINE, Embase, and Cochrane databases were searched for all studies published up to 23 July 2015 that evaluated liver status using CEUS and liver biopsy (LB). The QUADAS-II (quality assessment of diagnostic accuracy studies-II) was applied to assess the internal validity of the diagnostic studies. Selected studies were subjected to a meta-analysis with MetaDisc 1.4 and RevMan 5.3. Results: A total of 12 studies including 844 patients with chronic liver disease met our inclusion criteria. The overall summary sensitivity, specificity, positive likelihood ratio, and negative likelihood ratio of the HVAT measured by CEUS for the detection of cirrhosis compared to LB were 0.83 (95% confidence interval [CI], 0.77 to 0.89), 0.75 (95% CI, 0.69 to 0.79), 3.45 (95% CI, 1.60 to 7.43), and 0.28 (95% CI, 0.10 to 0.74), respectively. The summary diagnostic odds ratio (random effects model) was 15.23 (95% CI, 3.07 to 75.47), the summary receiver operator characteristics area under the curve was 0.74 (standard error [SE]=0.14), and the index Q was 0.69 (SE=0.11). Conclusions: Based on a systematic review, the measurement of HVAT by CEUS exhibited an increased accuracy and correlation for the detection of cirrhosis. (Gut Liver 2017;11:93-101) 
INTRODUCTION
Cirrhosis is the end stage of chronic liver disease and is characterized by regenerative nodules with extensive surrounding fibrosis. The distortion of architecture caused by the structural changes leads to portal hypertension and associated serious complications, such as variceal bleeding and ascites. [1] [2] [3] [4] [5] [6] [7] Estimating the degree of hepatic fibrosis is important for diagnosis and therapeutic management of these patients; at present, liver biopsy is the gold standard method. However, only a small fraction of the liver parenchyma is sampled in this process, and the biopsy procedure is associated with a small but definite risk of morbidity and mortality. Hence, the development of a noninvasive technique for assessing liver disease is much needed. 2, 3, 6, 8 Ultrasound, which is widely used as the initial imaging test, is insufficient as an accurate means of assessing disease severity. A number of Doppler ultrasound-based methods have been developed, mainly to measure the relative flow or velocity in the portal vein and the hepatic artery or vein. However, there is controversy with regard to the reproducibility of these studies, and many do not permit investigation or grading of precirrhotic liver disease. 2, 3 Contrast-enhanced ultrasonography (CEUS) is currently considered to be an imaging modality offering new perspectives in the diagnosis of liver disease. 9, 10 The recently developed technique of CEUS has markedly expanded the possibilities for sonographic hemodynamic studies. The technique involves the intravenous administration of minute, gas-filled microbubbles that strongly enhance intravascular flow signals. [10] [11] [12] Measurement of hepatic vein arrival (transit) times (HVAT or HVTT) using a microbubble agent, such as Levovist (Schering AG, Berlin, Germany), SonoVue (Bracco SpA, Milan, Italy), or Sonazoid (GE Healthcare, Oslo, Norway) has been suggested as an ultrasound-based technique to assess the degree of hepatic fibrosis based on the hypothesis that the arrival time of the injected microbubble would be shortened in cirrhosis due to hemodynamic abnormalities, such as arteriovenous shunting or capillarization of the sinusoid. 2, 3, 11, 12 Several groups have previously noted that contrast enhancement of the hepatic vein begins earlier in cirrhotic patients than it does in noncirrhotic subjects, thereby indicating that CEUS could be used to stage and grade liver disease and distinguish between mild and moderate-to-severe forms of hepatitis and cirrhosis. [9] [10] [11] [12] [13] However, the reported accuracy and usefulness have been inconsistent across studies. Systematic review (SR) and meta-analysis (MA) have been shown to enable objective analyses of existing evidence.
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We conducted a SR and MA to evaluate the diagnostic accuracy of HVAT for detecting cirrhosis and evaluated the correlation between HVAT and severity of chronic liver disease.
MATERIALS AND METHODS

Study strategy
A systematic search was undertaken among studies published before July 2015 by two independent reviewers, with disagreements resolved by consensus. Databases were searched with a combination of Medical Subject Headings (MeSH) terms and text words for the population and the index tests, and Boolean operators were used. We searched three main databases (i.e., Ovid MEDLINE, Embase, and the Cochrane library) with no restriction on language or publication status. This study was conducted according to the Cochrane Handbook for Systematic Reviews of interventions 19 and the statement by the Preferred Reporting Items for Systematic Reviews and Meta-Analyses Group. 20 
Inclusion and exclusion criteria
Studies were included if they met the following criteria: (1) types of participants: chronic liver disease; (2) type of index test: HVAT performed with CEUS; no restrictions regarding contrast; (3) type of reference standard test: liver biopsy; (4) types of outcome variables: data available on diagnostic accuracy; and (5) type of studies: randomized controlled trials or controlled studies. Animal experiments, chemistry, or cell-line studies and editorials, commentaries, review articles and case reports were excluded.
Studies were selected based on the inclusion/exclusion criteria by reviewing the title and abstract of each study after duplicate articles were removed from the primary search. The remaining studies were confirmed with the original and were validated by applying the inclusion and exclusion criteria. Two independent authors reviewed the results of the search using the inclusion criteria. Disagreements between authors were resolved by discussion.
Methodological quality assessment
The methodological quality of the selected studies was examined using the QUADAS-II (quality assessment of diagnostic accuracy studies-II), 21 which uses 11 items to evaluate study quality. Each item is scored "-" if reported, "+" if not reported, or "? (unclear)" if there is no adequate information in the article. Two of the authors independently assessed bias; any disagreement or misunderstandings were resolved by discussion until a consensus was reached. Publication bias was assessed using Begg's funnel plots and test (p>0.05 was considered to indicate that there was no potential publication bias). 22 
Data extraction and statistical methods
Data were extracted by two reviewers. All differences in opinion with regard to the data were resolved by discussion until a consensus was reached. Related variables were assessed as both dichotomous data and as continuous data.
Based on the values of true positive (TP), true negative (TN), false positive (FP), and false negative (FN), we calculated the pooled sensitivity and specificity, positive and negative likelihood ratios (LR), and diagnostic odds ratio (DOR). The calculated statistics were used to examine the accuracy of HVAT performed with CEUS for the diagnosis of cirrhosis. All statistics were reported as point values with 95% confidence interval (CI). Sensitivity was defined as the TP rate and calculated as TP/ (TP+FN). Specificity was defined and calculated as TN/(FP+TN). LR indicates how much the given test increased or decreased the probability of having the disease. The DOR is a single overall indicator of diagnostic performance and expresses the extent to which the odds of having the disease is greater for people with a positive test result than for people with a negative test result. The DOR was calculated as (TP×TN)/(FP×FN). In addition, summary receiver operator characteristics (SROC) curves were constructed to examine the interaction between sensitivity and specificity. We used the area under the curve (AUC) to measure the overall performance of the diagnostic test. 23 Statistical analyses were performed using Meta-DiSc statistical software version 1. was a perfect test. 24 Index Q, which represents the correspondence of the specificity and sensitivity of the receiver operating characteristic curve, was evaluated with "1" as the standard at 100% accuracy. 25 The between-study heterogeneity was evaluated by computing Higgins I 2 and chi-square tests for heterogeneity using the generic inverse variance method of MA. A random effects model was used for statistical pooling of the data in the case of heterogeneity between studies (p<0.1); a fixed effects model for statistical pooling of the data was used if there was no heterogeneity between the studies.
RESULTS
General characteristics of the selected studies
Our initial literature search yielded 208 references. After excluding 26 duplicate studies, a total of 182 studies remained. The titles and abstracts of these studies were reviewed; 170 were excluded based on the selection criteria, and 12 were ultimately identified as relevant to our review. Therefore, we analyzed these 12 studies 13, [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] and the 844 included patients, as shown in Table 1 and Fig. 1 . Five of the 12 studies 13, 28, 29, 32, 33 were conducted in the United Kingdom, and the remainder of the studies was conducted in the Italy, Germany, France, Canada, Japan, or China. The included studies were published between 1999 and 2014. The subjects of study were mainly patients with hepatitis C virus or hepatitis B virus. The number of study subjects in each study ranged from 38 to 134, 27, 31 but most of the studies had fewer than 100 subjects. They were case control studies that compared a group of patients that had confirmed cirrhosis through liver biopsy, based on the reference standard, to a control group. All liver biopsies were performed by skilled doctors, and the basic principles of biopsy were faithfully assured. Seven studies used a Siemens Sequoia ultrasound system (Siemens Healthcare, Erlangen, Germany). 13 including the Histological Activity Index (HAI-Knodell score) 26 and Scheuer score (S0 to S4), 31 were also used in each study.
Additionally, there were studies that categorized cirrhosis based on the Child-Pugh score into A/B/C and performed associated detailed analyses. [26] [27] [28] 30, 31, 34, 36 2. Methodological quality and risk of bias in the included studies
After using QUADAS-II, the tool for evaluating diagnostic accuracy, to evaluate the final 12 chosen studies, none of the studies were found to have a high risk of bias (Fig. 2) . Although some of the studies selectively sampled the subjects, the method for selecting patients was judged to be of little concern, due to the fact that they were studies comparing the diagnostic accuracy of a healthy control group and a patient group. There were many studies in which the time difference between the performance of liver biopsy and CEUS was not reported or was unclear, 13, [26] [27] [28] [29] [31] [32] [33] where it was unclear whether reading of the results from the reference standard and CEUS were performed independently, 13, [26] [27] [28] [31] [32] [33] [34] [35] [36] or where the reports regarding the failure rate of test subjects were unclear. 13, [26] [27] [28] [29] [31] [32] [33] However, it must be taken into consideration that these related studies were published in journals that focused in radiology and did not place importance on those categories. Therefore, the selected studies were evaluated as being without risk of bias or problems with respect to the application and adherence to most of the requirements for quality evaluation (Fig. 2) .
Accuracy of HVAT assessed by CEUS
The diagnostic accuracy of CEUS was compared to that of biopsy, a reference standard, to see how well it could distinguish subjects with cirrhosis, fibrosis, and nonfibrosis. The diagnostic accuracy results were described through total sensitivity, specificity, LR(+), LR(-), DOR, and SROC statistics.
In individual studies, CEUS was reported to have a 0.56 to 26 that used SonoVue, the most widely used second-generation contrast agent at the time, as the contrast agent and US/Doppler to calculate the HVAT in order to evaluate the diagnostic accuracy of cirrhosis was reported to have produced the high results of sensitivity 1.0 and specificity 0.93 (Table 2) . Upon MA, in predicting cirrhosis based on seven studies (n=469), 13, 26, [28] [29] [30] 35, 36 CEUS HVAT had an integrated sensitivity of 0.83 (95% CI, 0.77 to 0.89) (Fig. 3A) and an integrated specificity of 0.75 (95% CI, 0.69 to 0.79) (Fig. 3B) . Among the studies, the heterogeneity value I 2 for each was high at 84.3% (Χ 2 =38.34, p<0.001) and 89.6% (Χ 2 =57.48, p<0.001). The integrated LR(+) was 3.45 (95% CI, 1.60 to 7.43), while the integrated LR(-) was 14) , and index Q was 0.69 (SE=0.11).
The studies that used second-generation contrast agents and US/Doppler to calculate HVAT in order to predict cirrhosis had an integrated sensitivity of 0.82 (95% CI, 0.71 to 0.91) and an integrated specificity of 0.67 (95% CI, 0.58 to 0.75). 26, 30, 36 The integrated LR(+) of these studies was 2.37 (95% CI, 0.48 to 11.71), and the integrated LR(-) was 0. (Fig. 3) .
Correlation between HVAT assessed by CEUS and severity of liver fibrosis
After studying a total of 12 studies on the relationship between stage of fibrosis and HVAT measured by CEUS, statistically significant decrease (p<0.05) was found between the HVAT of the normal or nonfibrosis groups (mean±standard deviation [SD], 34.63±10.27) and the HVATs of the fibrosis (SD, 25.01±5.46) and cirrhosis groups (SD, 17.62±3.57) showed (Table  3) . 
DISCUSSION
This is the first SR and MA of the utility of measuring HVAT by CEUS in cirrhosis. This study demonstrated that, because there is ample evidence disclosing a correlation between LB and HVAT, CEUS may have the potential to reduce the number of biopsy procedures performed to examine the severity of fibrosis. 13, [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] Although biopsy is the most accurate test for diagnosing cirrhosis, patients with chronic liver disease require long-term follow-up. Consequently, a repeatedly available non-invasive method would be preferable for the assessment of hepatic fibrosis. 6, 8 Indeed, ultrasonography has the advantage of being noninvasive, and many attempts have been made to assess the degree of hepatic fibrosis using ultrasonography. In particular, a US parameter that could be a suitable substitute for an invasive method for assessing hepatic fibrosis, such as the LB, would be highly desirable. However, these indices are plagued by lack of reproducibility and accuracy due to intra-and inter-observer variability and even inter-equipment variability. 3, 6, 8 Recently, the development of new contrast agents has increased the diagnostic capability of US, suggesting that the analysis of HVAT using microbubble CEUS can be useful for assessing the severity of liver fibrosis. [10] [11] [12] [13] HVAT is the time (in seconds) after injection for the microbubble contrast agent to arrive at the hepatic vein. 2, 3 There is an inverse relationship between HVAT and liver histological grade, such that a decrease in HVAT is accompanied by an increase in the severity of liver fibrosis, due to the formation of intrahepatic arteriovenous or portovenous shunts in the cirrhotic liver. 2 Accordingly, HVAT as assessed by CEUS is negatively correlated with severity of hepatic fibrosis due to the associated hemodynamic alterations.
11-13
Therefore, we reviewed the parameter of onset time of contrast enhancement in the right hepatic vein, which did show a significant correlation with degree of hepatic fibrosis.
The diagnostic accuracy of CEUS was determined to be high through the present SR and MA, with an integrated sensitivity of 0.83 (95% CI, 0.77 to 0.89), a specificity of 0.75 (95% CI, 0.69 to 0.79), and a SROC AUC of 0.74 (SE=0.14). However, the heterogeneity of the studies was also high (I 2 , 84.3% to 89.6%). During analysis of the data, the selected studies were found to have used different microbubble contrast agents, each having their own chemical properties, including Levovist, SonoVue, Sonazoid, and DefinityIn this SR and MA, studies using Sonazoid and Definity showed lower diagnostic accuracies with relatively poor sensitivities and specificities compared to results obtained using Levovist and SonoVue. 30, 36 This finding can be explained by the finding that the HVAT is influenced by the microbubble extraction rate due to phagocytosis, particularly with respect to the 99% rate of Sonazoid, suggesting that the higher extraction rate by Kupffer cells may accentuate this confounding influence in measuring HVAT. 30 Unlike Sonazoid, SonoVue, a microbubble agent containing 2 to 10 μm sulfur hexafluoride gas in a phopholipidic monolayer shell, undergoes less phagocytosis and remains mainly in the blood vessels, making it helpful when judging the special characteristics of the blood vessels. 36 This suggests that, since HVAT is affected by phagocytosis of the contrast agent, these differences could possibly result in different signal intensities and transit times. Additional effort investigating differences in the interactions of Levovist, SonoVue, Sonazoid, and Definity with the reticuloendothelial system will be needed to explain these discrepant results. In addition to HVAT, some studies have measured additional parameters, including the transit time between the hepatic artery and vein, and the slope gradient of each hepatic artery, portal vein, and hepatic vein. 27, 30, 31 However, because the data utility of these various parameters using CEUS was too limited to conduct SR and MA, we chose the parameter of HVAT, which has been widely reported in the majority of studies related to this topic. The present study has the following potential limitations. First, only 12 studies evaluated the usefulness of the CEUS on hepatic fibrosis, thus limiting the robustness of the conclusions that could be reached. Second, the characteristics of the included studies, including patient characteristics, etiologies of cirrhosis, and methodological differences, were not completely consistent. Third, we only included studies written in English, so language bias might have influenced the results.
In conclusion, the measurement of HVAT using CEUS reflected the severity of hepatic fibrosis. Additionally, this method seems to be simple and safe with its noninvasiveness. Hence, although this technique requires further investigation, we suggest that measuring HVAT by CEUS could be a reliable noninvasive supplementary tool for diagnosis of cirrhosis. Nevertheless, future large-scaled randomized controlled studies would be needed to draw out the firm conclusion.
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